Children with chronic inflammatory bowel disease (IBD), including common subtypes Crohn' s disease (CD) and ulcerative colitis (UC), are frequently immunosuppressed as part of their ongoing treatment. Immunomodulator use ranges between 30% and 100% in North America, 1 with rising use of immunomodulators and biologics in recent years. 2 As a result, international clinical guidelines recommend influenza immunization for patients with IBD, 3, 4 which is consistent with the Public Health Agency of Canada recommendation for yearly influenza immunization in immunocompromised children or those with chronic diseases. 5 Nevertheless, surveys of gastroenterologists have demonstrated inadequate knowledge of immunization recommendations and poor rates of administration of vaccines to their patients. 6, 7 In addition, observational reports have raised concerns regarding adverse events and IBD flares associated with influenza immunization, [8] [9] [10] and epidemiologic evidence evaluating the safety of influenza immunization in IBD patients is lacking. 11, 12 Ontario, Canada, has among the highest rates of childhood-onset IBD in the world, 13 and all cases are followed longitudinally in the Ontario Crohn' s and Colitis Cohort (OCCC), a populationbased registry of pediatric IBD patients derived from provincial health administrative data. In 2000, Ontario introduced universal influenza immunization to provide funded vaccines for the entire population aged .6 months. These factors make Ontario an optimal setting to evaluate rare outcomes in children with IBD, such as adverse events after immunization. The aims of the current study were to assess the rate of physician-administered influenza vaccine among children with IBD in Ontario and to evaluate vaccine safety by assessing the likelihood of medical care requirement in the postvaccine period.
METHODS

Data Sources
Ontario' s administrative databases are maintained by the Institute for Clinical Evaluative Sciences (ICES) through a comprehensive data-sharing agreement with the Ontario Ministry of Health and Long-Term Care. Approval for the current study was obtained from the research ethics board of the Children' s Hospital of Eastern Ontario. The OCCC is a longitudinal cohort of all children diagnosed with IBD in Ontario between 1994 and 2011, identified by using a validated algorithm 14 and linked to other databases by using a unique patient identifier. To be included in the cohort, patients who underwent colonoscopy required at least 4 physician contacts or 2 hospitalizations on separate days over a maximum of 3 years with an associated International Classification of Diseases, Ninth Revision, code for CD (555.x) or UC (556.x) or an International Classification of Diseases, Tenth Revision, code for CD (K50.x) or UC (K51.x). Patients who did not undergo colonoscopy required at least 7 physician visits or 3 hospitalizations over 3 years. This algorithm identified children with IBD within Ontario' s databases with the following diagnostic accuracies: sensitivity of 89.6% to 91.1%, specificity of 99.5% to 100%, and positive and negative predictive values ranging from 59.2% to 76.0% and 99.9% to 100%, respectively.
The Registered Persons Database provided sociodemographic characteristics of subjects. Hospitalizations were captured by using the Discharge Abstract Database, collected by the Canadian Institute for Health Information with diagnostic codes 80% to 89% accurate, 15 positive predictive values of 89.1% to 99.9%, and negative predictive values of 87.2% to 100%. 16 For emergency department (ED) visits, we used data from the Ontario Health Insurance Plan (OHIP) before 2002 and the Canadian Institute for Health Information' s National Ambulatory Care Reporting System after 2002. Outpatient physician visits and immunization codes were obtained from the OHIP database, including influenza immunization by either a physician (G590, G591) or nurse practitioner (Q690, Q691). Compared with self-reported vaccination in 12-to 19-year-olds, these codes are 55% sensitive and 96% specific, with positive and negative predictive values of 94% and 68%, respectively. 17 Sensitivity and negative predictive values were higher in patients with at least 1 chronic disease. The fair sensitivity is due to the availability of influenza vaccination from public health clinics, which are not recorded in the OHIP database. A separate validation study noted a 77.9% sensitivity in children with a chronic disease and 74.0% in healthy children aged 2 to 11 years. 18 The live, attenuated influenza vaccine was not available in Ontario during the study period. We assessed safety of influenza vaccine with the use of Vaccine and Immunization Surveillance in Ontario, an analysis infrastructure created with the use of data from the ICES to monitor vaccine safety and efficacy in Ontario. 19 
Study Design
We compared influenza immunization rates in IBD cases and non-IBD controls. Each IBD case was matched to 5 (or 4 where a fifth could not be found) controls according to gender, provincial administrative health region in which the subject resided, and date of birth (6 30 days). The date of immunization was obtained by using billing codes for influenza vaccination. To assess safety of influenza vaccination, we first assessed rates of adverse events in specified time periods after vaccination in both cases and controls separately. We then compared the risk estimates for cases versus controls. We did so to overcome the healthy vaccinee effect, a recognized decrease in event rate before vaccination that can mask signals in the postvaccination period. 20 This effect describes the higher likelihood of healthier patients to receive immunization and may result in a perceived low rate of adverse events at the time of immunization with an increased rate of events after immunization. 19 For both cases and controls, we conducted a self-controlled case series (SCCS) analysis 21 to assess the risk of immunization on subsequent adverse events (defined as a hospitalization, ED visit, or physician office visit for any reason) or, for IBD patients, IBD-related events; IBD-associated diagnostic codes are presented in Supplemental Table 4 . For IBD cases, we included all children (aged 2-18 years), with at least 1 year of follow-up, diagnosed with IBD in Ontario from fiscal years 1999 through 2010. The longitudinal followup period started with date of diagnosis with IBD, defined as the date of first contact with a physician or first hospitalization with an associated IBD-specific diagnostic code. The end of follow-up was the subjects' nineteenth birthday; March 31, 2011 ; the date of death; or the date the patient became ineligible for Ontario health care (due to migration out of the province). For control subjects, the longitudinal follow-up period started on the date of IBD diagnosis of their matched case.
Statistical Analysis
Descriptive statistics were determined as means (6SD), medians (with interquartile range), or proportions where appropriate. We compared immunization rates in cases compared with controls by using x 2 analysis for categorical variables and Student' s t tests or Wilcoxon rank sum statistics for continuous variables.
The SCCS design was used to assess risk of adverse events after immunization. Date of vaccination served as the index date for the risk period. In IBD cases, all-cause and IBD-related physician visits, hospitalizations, and ED visits were used as health services proxies for adverse events. For analytical purposes, we divided each individual follow-up period into 2-week intervals up to 180 days after the vaccination date, with a washout period between the exposed and unexposed periods (Fig 1) . Our at-risk period after exposure is based on the concept that an IBD flare may occur up to 6 months after immunization. The control period was from the end of the risk intervals up to 30 days before the following influenza vaccination date. The period from IBD diagnosis up to 30 days before the initial influenza vaccination was also included in the control period. Our choice of the control period was based on the fact that it would be highly unlikely that acute inflammation from the vaccine would result in health service increases this far removed from the date of vaccination. Furthermore, we did not want to choose a control period so far removed from the vaccination that it could be influenced by the subsequent vaccination event through the healthy vaccinee effect. We calculated relative incidence (RI) with 95% confidence intervals (CI) of health services visits in the risk periods compared with the control period, controlling for within-individual clustering, patient age, and season. To assess whether IBD cases were more likely to experience events in the risk period than non-IBD patients, and to control for possible differential healthy vaccinee effects in healthy children and IBD patients, we calculated relative incidence ratios (RIR) with 95% CIs, which provide an estimate of the ratio of the RI in IBD children to the RI in controls within the SCCS model. Due to possible bias toward a lower RI in the first year after diagnosis (due to increased health services utilization after diagnosis 22 ), a sensitivity analysis excluded immunizations administered in the first year after diagnosis. Statistical tests were 2 sided and with significance assigned at P , .05. Analyses were performed by using SAS version 9.2 (SAS Institute, Inc, Cary, NC).
RESULTS
Characteristics of Cases and Controls
The Table 1 . IBD cases were more likely than controls to live in urban regions (P , .001) and higher income neighborhoods (P , .001). They also had more physician visits per year of follow-up compared with controls (4.91 6 7.96 vs 2.91 6 19.53; P , .001).
Influenza Immunization Rates
During the full follow-up period, immunization was administered at least once in 25.3% of IBD patients compared with 13.2% of controls (P , .001). Although uptake was generally low, more IBD patients were immunized in all years in which they were eligible to receive the vaccine compared with non-IBD controls (3.8% vs 1.4%; P , .001), in at least 75% of eligible years (5.7% vs 2.0%; P , .001), and in at least 50% of eligible years (14.2% vs 6.0%; P , .001). Tables 5  and 6 ). There was no increased health services utilization for IBD-related reasons in any risk period after immunization in patients with IBD ( Derivation of the risk and controlperiods for SCCS analysis. In this example, a patient with IBD received the influenza vaccination 3 times in the follow-up period. In the case of matched non-IBD controls, the risk and control periods were similarly derived, and the longitudinal follow-up period started on the date of IBD diagnosis of their matched case.
diagnostic codes assigned to outpatient visits during the 3-to 14-day postimmunization period were for CD (102 visits) and UC (37 visits). Otherwise, the reasons for outpatient visits did not differ significantly between IBD and control patients. In IBD patients, the top non-IBD-specific codes assigned at outpatient visits during this period were common cold (n = 23), anorexia/ nausea/vomiting (n = 19), and spastic irritable colon (n = 11). For control patients, the top reasons for outpatient visits were common cold (n = 28), asthma/allergies (n = 15), and neuroses (n = 14). From 15 to 180 days, IBD cases had a lower RI relative to controls (pooled RIR: 0.85 [95% CI: 0.74-0.97]; P = .02).
DISCUSSION
We demonstrated low influenza immunization coverage in children with IBD in the context of a universal immunization strategy and supportive international clinical guidelines. We also observed that patients who were immunized against influenza were not at increased risk for hospitalization, ED usage, or outpatient physician visits for IBDrelated or any other reason during the pooled at-risk period. Notably, IBDrelated health services utilization decreased in the postvaccination periods compared with the control period. 
FIGURE 3
The number of immunizations received by patients with IBD and controls in the follow-up period.
FIGURE 4
Proportion of IBD patients and non-IBD controls immunized according to fiscal year. The Ontario universal influenza immunization program began in 2000.
Considering higher rates of overall physician care provided to children with IBD, it was not surprising that influenza vaccination coverage was higher compared with controls. Very few patients satisfied the recommendation of yearly immunization. Even if one were to conservatively consider the sensitivity of the influenza vaccine billing code to be 55%, 17 fewer than onehalf of children with IBD received 1 dose of vaccine in their follow-up period. Our findings are consistent with previous survey research demonstrating similar immunization coverage in other populations. [23] [24] [25] [26] Many unimmunized patients were unaware of the recommendation for yearly immunization, 23, 25, 26 and a significant proportion of patients, ranging from 8% to 33%, reported concern about adverse events, which may have contributed to lower rates. Lack of accessibility to the vaccine may also have decreased uptake. The influenza vaccine is typically unavailable in Ontario pediatric IBD clinics, necessitating travel to family physicians or public health clinics. Stronger recommendations for immunization by providers and administration during regular 27 or protection against viral interaction with the gut mucosal barrier.
Although case reports of IBD flares after influenza immunization exist, [8] [9] [10] observational studies demonstrated no association with flare of disease. 24, 28 However, these were underpowered to demonstrate rare events, nor did they document less serious events that may have prompted outpatient physician visits. Randomized controlled trials and observational studies in multiple sclerosis 29, 30 and rheumatoid arthritis 31 also did not demonstrate increased risk of disease flare after immunization. The primary advantage of the current study is its large numbers of included children with IBD and its ability to assess the full spectrum of health system utilization. This is the first populationbased study to demonstrate the safety of influenza by immunization, using SCCS methods. This method has several advantages over other observational designs. Multiple risk periods and control periods could be contained within a single patient if immunized in multiple years, thereby increasing power while controlling for clustering. By using individuals as their own controls, the design avoids the bias of using unvaccinated controls who are likely to be systematically different from vaccinated children. 32 The use of health administrative data has limitations. Misclassification error is always possible. We used a validated algorithm, which performed well in 2 independent cohorts of Ontario children. 14 However, the influenza vaccination code has demonstrated only fair sensitivity compared with self-reported vaccination rates, particularly in older, healthy adolescents. 17 This finding is likely due to administration of influenza immunization by public health clinics. Therefore, we may have underestimated vaccination rates in Ontario patients. In particular, differential misclassification of immunization status may have contributed to the finding that IBD cases are immunized more frequently than controls. However, our analyses of adverse events after vaccine administration would not have been affected by billing code sensitivity because SCCS analysis assessed only vaccinated patients, and the code has a high specificity and negative predictive value.
Use of health administrative data does not allow for inclusion of clinical disease characteristics such as phenotype, severity, and extent. In addition, medication utilization is not available for children in Ontario. Therefore, we were not able to discern differences in immunization uptake or adverse events in patients receiving immunosuppressive therapy. Although we did not have access to serologic immunity testing in our cohort, most studies have demonstrated adequate immunogenicity to most influenza strains, 24, 33, 34 and the reduced health services utilization in IBD patients compared with controls in the 6 months after administration suggests protection.
CONCLUSIONS
Our overall analysis demonstrated no association between influenza immunization and an increase in IBD-related physician visits, hospitalization, ED visits, or overall health services utilization, supporting the safety of the vaccine in this population. In fact, there may be a protective benefit for IBD patients. Importantly, immunization coverage is far from optimal, with
